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Aggregation quenching in thin films of MEH-PPV studied by near-field scanning 
optical microscopy and spectroscopy 
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Abstract 
Aggregates in thin films of conjugated polymers form excimer states and significantly 
reduce the photo- and electroluminescence efficiency in devices produced from these 
materials. We have studied the aggregate formation in thin films of MEH-PPV by near- 
field scanning optical microscopy and spectroscopy. Local photoluminescence 
spectroscopy and photo-bleaching experiments have been used to show that thin films of 
MEH-PPV are homogeneously aggregated and do not form aggregated domains. 

Introduction 
Solution processable conjugated polymers have lately seen a remarkable amount of 
research activity because of their potential for simplified production of large-scale 
electroluminescent devices'. Their similarity to organic dyes together with their electron 
transport properties makes them promising candidates for applications such as light- 
emitting diodes, lasers and thin-film transistors. However, some of this potential is 
significantly decreased by the tendency of polymers to form aggregates. Aggregation of 
polymer chains opens a channel for interchain excitons and therefore decreases 
electroluminescence and photoluminescence (PL) efficiency in conjugated  polymer^^,^. 

Near-field scanning optical microscopy (NSOM) has become a versatile tool to study 
optical properties of thin films and membranes with sub-wavelength optical resolution 
along with surface topography4,'. NSOM is based on the principle that any material if it is 
being broughtinto the near-field of a sub-wavelength light source can be imaged with a 
spatial resolution determined mostly by the size of the light source and its distance to the 
sample. In NSOM this is conveniently achieved by using tapered and aluminum-coated 
optical fiber tips as light sources. Such tips are routinely fabricated with aperture 
diameters on the ordler of a few 10 nm. NSOM has recently been applied to thin films of 
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conjugated polymers to study the local photolumine~cence~~~~~~~, polarization behavior of 
stretch oriented films839 and polymer  domain^^.'^, local photobleaching”, 
photoconductivityi2 and domains in polymer 
polarization contrast NSOM of the PL emission to determine the domain size of 
aggregates in films of PPyV to about 200 nm. However, no near-field spectroscopic data 
on the aggregate formation have been provided. 

Blatchford et al.7 have used 

Here, we have used NSOM spectroscopy to study aggregation quenching in thin films of 
po1y[2-methoxy75-(2’-ethy1-hexy1oxy)-p-pheny1ene-viny1ene] (MEN-PPV). Aggregates 
in MEH-PPV have been shown to form ex~imers~.~.  The formation of excimers leads to a 
significant reduction in PL quantum yield of thin films and therefore to a reduced 
efficiency of electroluminescent conjugated polymer devices. So far, it is still unknown if 
aggregates in MEH-PPV films form domains within the film or if the aggregation is 
uniform throughout the film. 

Experimental 
In our NSOM setup, the 5 14.5 nm line of an argon ion laser was coupled into the NSOM 
fiber tip. Samples were held above the tip on a piezo tube scanner with a maximum 
horizontal scan range of 30 pm and 3pm vertical. The local photoluminescence excited 
by the tip was collected with a 1OOx dry objective, 0.8 numerical aperture, held in a 
standard upright optical microscope. The photoluminescence was separated from the 
excitation light by a color glass long pass filter (OG530, Schott) and then focused onto a 
photon-counting avalanche photodiode (SPCM-AQ-141, EG&G). To obtain images of 
parts of the emission spectrum, additional band pass filters could be inserted in the beam 
path by a remote controlled filter wheel. The pulses from the counting photodiode were 
fed in the counting board of a scanning probe microscope controller (Nanoscope IIIa, 
Dig ia  Instruments). The photoluminescence could also be directed to a spectrometer via 
a remote-controlled flip-mirror. The spectrometer then dispersed the PL onto a liquid 
nitrogen cooled charge-coupled device (CCD) camera. 

All NSOM tips used throughout this study were homemade using a commercial fiber 
puller (P2000, Sutter Instruments) equipped with a CO, laser. Fiber pulling of a lm 
single-mode optical fiber (F-SA, Newport) resulted in typical tip lengths of about 800 
pm. Within lh after pulling, a 90 nm thick layer of aluminum was evaporated onto the 
sides of the tips. This resulted in a very good coating quality with no side pinholes in the 
majority of tips. Aperture sizes of these tips were usually less than 100 nm in diameter. 
All tips were used within less than 1 month after fabrication. All tips were glued in glass 
capillaries and held in a 1/8” diameter piezo tube that provided the dither motion for 
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shear force tip-sample distance control. For shear force detection, the beam of a 785 nm 
diode laser was focused on the very end of the tip. The diffracted beam was then 
projected onto a segmented photodiode. The lox preamplified signal of the photodiode 
was fed into a lock-in amplifier and its R*cos(B) output was used as feedback signal, 
where R is the amplitude of the signal and 0 the phase with respect to the reference. This 
scheme provided a hovering motion of the tip at typically 5nm distance between tip and 
sample. 

MEH-PPV thin films were prepared under ambient conditions from a MEH-PPVRoluene 
solution with a concentration of lg/ml. Toluene, as a non-polar ("poor") solvent for 
MEH-PPV, is assumed to form aggregates already in solution'6. Spin casting of a 20 pl 
droplet on clean cover glass rotating at 1500 rpm resulted in a film thickness of 20 nm. 
Film thicknesses of each film were determined independently by scratching a center part 
of the film with the edge of a razor blade and subsequent step height measurement on an 
atomic force microscope. 

ResuIts and Discussion 
Fig. l a  shows a 20 x 20 pm2PL image of a 20 nm thick MEH-PPV film. 
The black square in the middle of the image and the black bar below it are parts of the 
sample that were previously scanned. The PL in these areas is significantly reduced due 
to photo-oxidation. Photo-oxidation results in the creation of carbonyl groups that 
efficiently quench the PL17. The freshly imaged part of the sample reveals a highly 
inhomogeneous PL intensity. The sample is composed of PL "hot spots" with a spherical 
to slightly ellipsoidal shape and diameters of 100 - 500 nm. As shown in fig. 3, these 
spots are not distinguishable by their topography from parts that show lower PL intensity. 
A detailed study of the photo-bleaching dynamics showed that the reduction in PL 
intensity is exponential with similar time constants for hot spots and background. This 
can be seen e,g. from the series of images in fig. 2a-d. These images depict a time series 
of subsequent scans of the same sample location (but different from fig. la) with an 
imaging time of 14 minutes per image. The relative intensities of bright and dark areas of 
the sample decrease at the same rates. If the composition of hot spots and background 
were different (e.g. hot spots: non-aggregated bubbles of MEH-PPV within an aggregated 
background or vice versa), one would expect a significant difference in bleaching 
dynamics due to the different photochemistry. 

To further investigate aggregate formation in MEH-PPV thin films, 
PL images of smaller scan size using a PL color separation scheme were taken. 

. 
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Images of the same sample area were acquired, where the emission in the spectral range 
from 530 nm - 605 nm and 620 nm - 750 nm was used to create PL images. The purpose 
of separating the emission at about 610 nm was to separate the emission of intrachain 
excited singlet states (“excitons”) which is predominant in the blue wavelength range 
from the broadband red-shifted emission of interchain states (“charge-transfer exciton”, 
excimer) with an emission peak at about 720 nm. If spatial localization (formation of 
domains) of aggregated species on the order of 50 nm or more would occur, they should 
be spatially distinguishable in their emission from the pure exciton-like emitting species3. 
Fig. 3a-c shows the topography and PL emission intensity below and above 610 nm of a 
6 x 6 pm2 MEH-PPV thin film, respectively. The topography image (Fig. 3a) shows the 
existence of condensed MEH-PPV phases with a size distribution of a few 10 nm to 
about 1 pm and heights between 10 - 20 nm. The main PL emission, however, again 
stems from hot spots, which are parts of the sample that are not significantly expressed in 
their topography. Furthermore, the spatially resolved PL intensity below and above 610 
nm (Fig. 3b,c) shows no striking differences. The intensity ratios of hot spots to 
background in both wavelength ranges is the same. This, together with the previously 
discussed results, leads us to the conclusion that aggregates are uniformly distributed 
throughout the thin film. 

Near-field optical spectroscopy was performed to further study the nature and distribution 
of aggregates in thin films. While holding the tip steady above a fixed sample portion, PL 
spectra with 5 s integration time were obtained from a 20 nm thick MEH-PPV thin film. 
With a typical aperture diameter of 100 nm this results in a probe volume of roughly 210- 
l9 1. Fig. 4 shows a sequence of 3 PL spectra taken at the times indicated in the figure. 
These 3 spectra were chosen from a continuous time series of spectra with an integration 
time of 5 s per spectrum. The overall photo-bleaching dynamics are exponential with a 
time constant of 40 s when illuminated with a near-field power density of 130 W/cm2 at 
5 14.5 nm. The spectrum taken at Os shows a similar vibrational structure to the far-field 
spectrum of the same thin film in fig. lb. After a few seconds of continuous illumination 
by the tip, however, the intensity of the first vibrational peak is significantly more 
reduced than that of the second peak. If the second peak were of purely vibrational 
nature, it’s intensity reduction would be correlated to the decrease shown in the first peak. 
Since the reduction occurs at different rates, this leads us to the conclusion that the film 
consists of more than one emissive species, presumably pristine and aggregated chains. 
The faster intensity decrease of the first peak suggests that due to their different 
photochemistry, pristine chains are predominantly affected by photo-bleaching. This 
spectral bleaching behavior is independent of sample position which also supports our 
conclusion of a uniform distribution of aggregates in the film. 
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Conclusions 
Near-field optical microscopy and spectroscopy has been used to study the aggregation 
quenching in thin films of MEH-PPV. No characteristic spectral features of aggregate- 
like emission in thin films could be spatially isolated. This result suggests, that the size of 
aggregates in thin films must be smaller than the resolution limit of NSOM of roughly 50 
nm in our case. Furthermore, the distribution of aggregates appears to be very uniform. 
Local photobleaching dynamics of ultra-small probe volumina suggests that at least two 
emissive species are present in such thin films. These results imply that more information 
on the formation of aggregates, their photochemistry, and how aggregation can be 
prevented can be obtained by single-molecule spectroscopy of isolated aggregates 
composed of one or only few molecules. Such experiments are currently under way. 
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Figure captions 

Figl. Figure 1. a) Photoluminescence image of a 20 nm thick MEH-PPV film. The 
black square in the center of the image was imaged previously and shows reduced 
luminescence due to photo-oxidation. b) Far-field photoluminescence spectrum of the 
same MEH-PPV film exited at 5 14.5 nm. Inserted is the chemical formula for MEH-PPV. 

Fig.2 Figure 2. a)-d) Times series of subsequent photoluminescence images of a similar 
film as in fig. 1.  Each image had an acquisition time of 14 minutes. Images sizes are 10 x 
10 pm'. 

Fig3. Figure 3. a) Topography, b) photoluminescence below 605nm, and c) 
photoluminescence above 620nm for the same film as in fig. 1 but at a different location. 

Fig.4 Figure 4. Near-field spectra of the same film as in fig. 1. Each spectrum was taken 
at the times indicated in the figure with an integration time of 5 s. Note the faster 
reduction of the first peak as compared to the second peak. 
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